This paper describes the behavior of hydrogen in iron chromium nickel alloys. The behavior of hydrogen was investigated by radioisotope of the hydrogen. The traces of hydrogen in the iron chromium nickel alloys were investigated by measuring the -ray radiated from tritium. The -ray can be identified by an auto radiograph method (ARG) and radiation detector. When the ARG method was used, the tritium was charged to the specimen of iron chromium nickel alloys. An emulsion was coated onto specimen of the iron chromium nickel alloys, which charged the tritium, and then the emulsion was exposed to -ray emitted from tritium captured by iron chromium nickel alloys. The trace of the -ray appeared as a black image on the emulsion film. It was noted that there were two different black images on the emulsion film. One was an Ag cluster, generated by the -ray, and the other was stain generated at the development of emulsion. These images were investigated by energy dispersive X-ray spectroscope (EDX) and high-resolution electron microscope (HREM). Using these techniques, captured tritium quantity in the iron chromium nickl alloys was estimated by the analyzed data of EDX and dose of radiation of -ray.
Introduction
Iron chromium nikel alloys are used in the structure and equipment of nuclear power plants. Inevitably, the manufacturing process of the iron chromium nickel alloys causes the microscopic defects. The micro-cracking up to a depth to 5% of the nominal wall thickness has been allowed in plan structure and equipment. 1) Moreover, iron chromium nikel alloys induces a microscopic defects by the radiation irradiation in a nuclear reactor. These defects have a possibility of capturing hydrogen and becoming the cause of hydrogen embrittlement and hydrogen deflagration. [2] [3] [4] In this work, the author investigated whether these microscopic defects would capture hydrogen. The behavior of hydrogen was investigated by -ray radiated from tritium.
Experimental Procedure
The iron chromium nickel alloy used for the experiment was equivalent to AWASI 316L. Solid solution heat treatment was applied to the iron chromium nickel alloys. The microscopic defects were artificially induced by irradiation of high-speed secondary electrons (generated by a high voltage electro microscopy (HVEM)), Ni 2þ particles (accelerated by heavy particle acceleration). The high-speed secondary electrons were irradiated at flux of 1 Â 10 19 e/ m 2 Ás up to fluence of 8:6 Â 10 26 e/m 2 at 563 K. The Ni 2þ particles were irradiated at flux of 1 Â 10 15 Ni 2þ /m 2 Ás up to fluence of 2:9 Â 10 20 Ni 2þ /m 2 at 563 K. 5) A twinjet electrolytic polishing machine was used to provide the thin film specimens for HREM. The electrolytic polishing solution consisted of perchloric acid (60% in density) and acetic acids (99.5% in density) mixed at a volume ratio of 9:1. Trutium was cathode electrolytically charged in NaOH solution for 2 hours in 1 Â 10 À3 mol/m 3 NaOH solution in which 3.5 mol/ m 3 tritium was dissolved at 293 K at current density of 50 A/ m 2 . Hydrogen charge quantity was measured by heatconductivity measuring method. Hydrogen charge quantity controlled to be 2 molppm to specimen and no damage to structure. -ray tracer techniques were used to investigate whether or not microscopic defects capture the tritium. The trace of -ray which appear as black images on the ARG is analyzed by EDX. This -ray tracer technique is combined with HREM, EDX and ARG. To investigate capture of tritium by iron chromium nickel alloys, a proportional counter tube and a liquid scintillation measurement equipment was used to measure radioactivity of tritium discharged during heating of the specimen in an electric furnace.
Result of Experiments
Microscopic defects were observed in the iron chromium nickel alloy that was irradiated by high-speed secondary electrons and Ni 2þ particles. Microscopic defects were voids and planar defects. The relationship between microscopic void density, and microscopic void radius, and irradiation condition of high-speed secondary electrons is shown in Table 1 and Table 2 . The black image, which appeared in the HREM images of Fig. 1 , Fig. 2 and Fig. 3 were investigated by the following five methods. (1) The black image, which appeared in the ARG images of Fig. 1(a) and Fig. 1(b) was analyzed by the EDX. The analysis results were verified that black image is Ag cluster. (2) The black images are checked Table 1 The relation among the density of the void and the electron irradiation condition.
Void density m by the dark field image. The dark field image of the black image of Fig. 2 (a) which detected silver by the analysis of EDX was shown in Fig. 2(b) . (3) The black images are checked by the bright field image. The black image was not diffraction pattern as shown in Fig. 3(a) and Fig.3(b) . Therefore, the bright field image verified that the black image had adhered to the surface of the specimen. (4) The black images are checked by the lattice image. As shown in Fig. 4 , the lattice image of Ag has been investigated. (5) The -ray of a tritium emitted by heat from a specimen was detected with the proportional counter and liquid scintillation measurement equipment. Furthermore, the possibility of a tritium trapping is verified by quantitative analysis of hydrogen. Table 3 shows the analysis results of hydrogen concentration when hydrogen was charged to Ni 2þ particle irradiated specimen and non-irradiated specimen.
Consideration
The silver was not a composition element or a solute element of the iron chromium nickel alloys. Therefore, the black image corresponds to the silver cluster generated by irradiation of -ray of tritium captured by microscopic defects. When the tritium tracer was used to determine whether hydrogen was captured or not by microscopic defects, it was necessary to consider the isotope effects. In this work, it was necessary to consider three isotope effects ((diffusion coefficient D, permeability P, and solubility S of tritium and protium). The diffusion coefficient, permeability coefficient, and solubility of each isotope was calculated by Table 2 The relation among the average void diameter and the electron irradiation condition.
Void average diameter m
Electron energy 1:6 Â 10 À13 J, fluence 8:6 Â 10 26 e/m 
T is the temperature, R is the gas constant, E A is the activation energy, and H is the heat of dissolution. Results are shown in Tables 4, 5 and 6, According to the results, it is thought that the behavior of hydrogen in the structure and equipment of a large, wall thick could be estimated from the behavior of tritium. Many black images are observed in the grain boundary. Then, the AE value of the grain boundary, which made the microscopic defects, was examined. The AE value of the grain boundary of Fig. 2 was (AE ¼ 7). The AE value and the relation among the microscopic defects could not be confirmed. The influence of the tritium captured in the microscopic voids was investigated with the Fig. 1 . The concentration N 0 (mol) of hydrogen captured by microscopic voids with r 0 (m) radius can calculated by eq. N 0 ¼ 7:3 Â 10 À8 Á N a Á A Á W Ag À 1. The equation was derived from silver concentration A (mol) of silver cluster, specific activity 3:7 Â 10 15 Bq/m 3 of tritium, and tritium: protium ratio of cathode electrolytically charged solution, namely 3 Â 10 À5 . N a is the number of Avogadro and W Ag is the atomic weight of silver. The relation between silver concentration A (mol) of silver cluster and microscopic voids radius r 0 (m) is expressed by an empirical eq. A ¼ 24450 Â r ð2=3Þ 0 Á I. Fluence of I (e/m 2 Ás) of high-speed secondary electrons irradiation is a function of time t (s). Therefore, the relation between microscopic void radius change and time t (s) can be obtained by substituting 2:4 Â 10 24 Á t for the fluence of I of the electron irradiation in the empirical equation. The stress and time of reaching to yield strength of iron chromium nickel alloy can be calculated by experimental data.
Summary
Using the isotope tracer technique, it was confirmed that microscopic voids artificially induced in iron chromium nickel alloys captured tritium. The pressure theory, which is one of the theories concerning failure of iron chromium nickel alloys, was confirmed by this technique. Table 5 The permeability of the of tritium, deuterium, and protium in an Fe-Cr-Ni alloy.
Permeability mol/m-s-Pa 
